A new continuously and linearly controlled capacitive static VAR compensator is proposed for the automatic power factor correction of inductive single phase loads in 220V 50Hz power system networks. A harmonic-suppressed TCR equipped with a new adaptive current controller is used as a compensator. A thyristor controlled reactor (TCR) shunted by a passive third harmonic filter is included in the harmonic-suppressed TCR is a new configuration that includes. In addition, the parallel configuration is connected to an AC source via a series first harmonic filter. Negligible harmonic current components are injected into the AC source hence the harmonicsuppressed TCR is designed so that. A new adaptive closed loop current controller is connected to compensator, it responds linearly to reactive current demands. The no load operating losses of this compensator are negligible when compared to its capacitive reactive current rating. The proposed system is validated on PSpice which is very close in terms of performance to real hardware.
INTRODUCTION
Nowadays Poor power factor is a major concerned issue of power quality. It causes several losses in transmission systems and power generation stations. It also restricts the transmission capability of transmission systems. So power factor correction is an important solution for this issue. The benefits of good power factor include energy savings, transmission loss reductions, and the feasibility of operating transmission lines closer to their thermal limits. Effective tools used to achieve power factor correction include static VAR compensators such as fixed capacitor thyristor controlled reactors, thyristor switched capacitors (TSC), static synchronous compensators (statcom), and power converter based static VAR compensators. The previously used thyristor controller reactor (TCR) is simply a reactor connected in series to two anti-parallel thyristors where the series combination is supplied by the phase or line to line voltage of the AC power system network. It is controlled continuously by the symmetric firing angles of its thyristors. It releases significant amounts of odd current harmonics. As a result, it requires the installation of harmonic filters at its location. FACTS devices are designed to satisfy the real time demands of power systems. A compensator constructed of several TSCs is characterized by a stepwise capacitive reactive power response. In the design of TCRs based static VAR compensators, naturally commutated thyristors are usually employed. These kinds of compensators are commonly referred to as traditional static VAR compensators. Power converter based static VAR compensators are constructed of either voltage source inverter (VSI) or current source inverter (CSI) . They are designed to exchange real power and reactive power with the AC networks through certain impedances. They can be adjusted to exchange reactive power and active power with the AC power system networks by changing the phases of the triggering signals of their solid-state switching devices.
These kinds of compensators are usually supported by energy storage devices in order to stabilize their DC voltages. Static VAR compensators built on the basis of power conversion are usually denoted by advanced static VAR compensators. In this paper, a modified harmonic-free configuration constructed with a TCR and two passive circuits is presented as a reliable replacement for a fixed capacitor thyristor controlled reactor shunted by high power harmonic filters. This configuration represents a continuously and linearly controlled capacitive static VAR compensator. The capacitive current of this compensator is controlled by a new adaptive closed loop current controller, which forces the compensator to respond linearly to the reactive current demand.
II.
DESIGN OF POWER FACTOR CORRECTION SYSTEM While designing the power factor correction system the compensator power circuit is built with a traditional TCR and two filtering circuits. LX and RX are the self-inductance and resistance of the TCR reactor. The first filtering circuit is represented by the series circuit CF1LF1RF1, which is tuned at the AC source fundamental angular frequency ω. RF1 is the self-resistance of LF1. The second circuit is formed with CF2LF2RF2 and it is tuned at 3ω. RF2 is the self-resistance of LF2. Here the power factor correction system is connected between source and load. Where the analysis of reactive power required to compensate it is done. Then power fed to the load. Output of the power factor correction system is taken to controlling circuit and there the parameters are checked and signal generated for the driving circuit which will then change the input to the power factor correction system. 
III. SCHEMATIC DESIGN OF THE NEW ADAPTIVE CONTROLLER
The controlling scheme of the proposed compensator is shown in Fig. 3 . The inputs to this controller are the instantaneous AC source voltage VAC, a voltage signal proportional to the instantaneous compensator current KIiC, and a voltage signal proportional to the instantaneous load current KIiL. Where, KI is a constant depending on the current transformer turn ratio and the parameters of its circuitry. The voltage VAC is exerted to a step-down voltage transformer in order to produce the analogue voltage KV VAC. Where, the KV constant stands for the primary to secondary turn ratio of the voltage transformer. The analogue voltage KV VAC is zero-crossed and then delayed by 5ms to produce the voltage waveforms VS1 and VS2. A third voltage waveform VS3 is produced through the XOR operation of VS1 and VS2. The waveform VS3 is exerted on a saw-tooth generator to produce the signal VST which has amplitude of 4V and runs at a frequency of 2f. Where, f is the frequency of the AC source (f=ω/2π). The voltage waveform VST is subtracted from a DC voltage of 4V to produce the reference voltage waveform VREF which is used together with the output of the current controller to determine the TCR firing angle α. The inputs of the current controller are the analogue voltages KIiC and KIiL. In this controller, a closed loop strategy is adopted so that its output VCX settles when the reactive current components of the inductive load and the compensator current cancel each other out. The analogue signal controlling the firing angle of the TCR is obtained by comparing the output of the current controller VCX with the reference voltage waveform VREF. The latter waveform varies in the range of 0 to +4V. It can be seen that the TCR firing angle can be related to the voltage VCX as follows:
Since this compensator is designed so that negligible harmonic current components are permitted to flow into the AC source side, its instantaneous current (Ic) contains only the fundamental current components of the third harmonic filter and the TCR. Here the compensator current is purely capacitive and can be directly controlled by the voltage VCX. If VCX is zero, then the compensator will generate its maximum reactive current. On the other hand, its current will be zero if VCX is +4V. The automatic power factor correction system is designed so that the compensator current cancels the reactive current component of the inductive load. The actual current of the harmonic-suppressed TCR I c is detected by a current transformer and converted to the analogue voltage K IIC. Where, KI is a constant depending on the current transformer turn ratio and the parameters of its circuitry. The load current is detected by the new adaptive controlling scheme. By a similar current transformer and converted to the analogue voltage K IIL. The analogue voltage signal KIIC is sampled and held at ωt=2Kπ and ωt=(1+K)π in order to detect KI Icm and -KI Icm. Where, k=0, 1, 2, 3, and Icm is the actual amplitude of the compensator current Ic. The two sampled signals are treated through a difference amplifier for obtaining the mean of KI Icm. The latter signal is proportional to the compensator capacitive reactive current. The analogue voltage signal KIIL is sampled and held at ωt=2kπ for obtaining the analogue voltage signal -KI ILmsin(φ), which is proportional to the inductive load reactive current component. The voltage across capacitor CX represents the controller output voltage VCX.
This voltage directly controls the triggering circuits of the thyristors employed in the compensator design. If the error signal becomes zero, then the charging and discharging processes will cease and the capacitor will sustain its final voltage as long as the error signal is not effective. Therefore, the steady state operation is reached when the error signal continues having zero values. The TCR controlling signal vX is produced by comparing VCX withVREF. The voltage signal VX is logically multiplied by VS2 and its complement to obtain the TCR thyristor triggering signals VX1 and V X2 . A validation system for the proposed automatic power factor correction system is designed on Pspice,. This generator produces the voltage signal VREF.
IV.
DESIGN OF STATIC VAR COMPENSATOR Static var compensation using TCR is used for reactive power compensation during both lagging and leading power factor condition. Static var Compensator is a shunt type of device. SVC is a device which is connected in series with load and which performs the task of providing inductive or capacitive current to the system. SVC is based on thyristors without the gate turn-off capability and includes separate equipment for leading and lagging vars; the thyristor-controlled or thyristor switched reactor for absorbing the reactive power and thyristor-switched capacitor for supplying the reactive power by switching of capacitor banks. In most cases, a combination of both will be the best solution. Effective reactance of TCR is varied in a continuous manner by partial-conduction control of the thyristor valve. A thyristor-based ac switch with firing angle control In TCR conduction time and current in a shunt reactor is controlled.


Thyristor-Switched Capacitors
The thyristor-switched capacitor (TSC) type of static compensation. The shunt-capacitor bank is split up into small steps, by using bidirectional thyristor switches it can be made switched in and out individually. Fig 2 shows the single-phase branch, consists of capacitor C and the thyristor switch TY and a minor component, the reactor L, which is used to limit the rate of rise of the current through the thyristors and also to prevent resonance with the network. The capacitor is switched out through the suppression of the gate trigger pulses of the thyristors. on the cost evaluation of the losses. In the thyristor switched capacitor scheme the total reactive power is split into a number of parallel-capacitor banks. The reactive power from the compensator follows the load or terminal voltage variations in a step. A continuously variable reactive power can be achieved by using a thyristor-controlled reactor in combination with thyristor-switched capacitor banks. The harmonic generation will be low, because the controlled reactor is small compared with the total controlled power. A continuous change in the control order from fully lagging to fully leading current is obtained by TSC-TCR combination. The operation of the controlled reactor is in perfect co-ordination with the switched-capacitor banks. Static compensators of the combined TSC and TCR type are characterized by the following properties:
• Continuous control • Practically no transients • Low generation of harmonics • Low losses • Flexibility in control and operation. 
V. RESULTS AND DISCUSSION
The automatic power factor correction system depicted in above was tested in PSpice at rated load currents with different lagging power factors. The PSpice tests involve the transient and steady state performance of the compensation system. The transient performance started from the first plug in instant of the compensator to the AC power system network and ended once the compensator current was completely settled. The steady state performance started from the instant at which the compensator current was completely settled. Therefore, it is appropriate to reveal the transient and steady state performance results together to show the instants at which the steady state performance started. Then the steady state performance results are revealed to demonstrate the potency of the compensator in power factor correction and harmonic cancellation.
A.
Transient and Steady State Performance: The automatic power factor correction system in this paper is proposed to correct to unity the power factor of a single-phase inductive load in a 220V 50Hz power system network. During the PSpice test, a load of a 2Ω impedance was chosen. According to the design capability of the compensation system, a lagging power factor of 0.707 of the above load can be corrected to unity. If the power factor is lower than 0.707, a partial power factor improvement can be expected. Firstly, the compensation system was tested at the rated resistive load (2Ω). The performance results of this is that the adaptive current controller approached steady performance at t=200ms. This is deduced from the error signal KIΔI which attained a zero value at this time and sustained it in the current drawn from the AC source IAC approached zero at t=160ms. Consequently, it can be said that the steady state performance in this figure started at t=200ms The voltage VCX attained a value of +5V, which corresponded to the zero firing angle of the TCR. Therefore, the TCR was running at its maximum inductive current rating, which cancelled the capacitive current generated by the third harmonic filter. Transient and steady state performance during rated resistive load: (a) current controller, (b) the whole compensator. The transient and steady state performance results of the automatic power factor correction system during the compensation of inductive rated loads at 0.9, 0.8, and 0.707 lagging power factors, respectively. In the error signal of the current controller settled to the zero value at t=200ms. At this time, the voltage VX is about 2.5V.
This value of VX corresponds to a firing angle of 0.98 radians (560). According to equation above, the zero error signal means that the compensator capacitive current and the load reactive current components are equal in magnitude and out of phase by 1800. This situation corresponds to unity power factor correction. In the current error signal settled to the zero value before t=200ms while V X settled to the steady state value at the same time. In this, V X is slightly less than 2V. This value of VX corresponds to a firing angle of slightly less than π/4. In the current error signal settled to the zero value before t=200ms while VX settled to the zero value at the same time. This value of VX corresponds to a firing angle of π/2, which in turn corresponds to the zero TCR current. The zero reactive current absorbed by the TCR.
B.
Steady State Performance: The steady state performance started at about t=200ms after the first plug in of the compensator to the power system network. However, for better evaluation of the harmonic contents, the steady state performance tests were carried out beyond t=300ms. The steady state performance the steady state performance results of the adaptive current controller corresponding to the loading conditions specified. Show that the voltage signals KI ICM and KILmsinφ are equal in magnitude and having different signs. Therefore, the error signal ΔI is zero. In addition, these figures show a constant VX during steady state performance. This guaranties a fixed firing angle. The steady state performance of the compensation process corresponding to the loading conditions specified in corresponds to the rated resistive load. Since the reactive current component is zero, the compensator current should also be zero.
The TCR current frequency spectrum F(I X ) and the third harmonic filter current frequency spectrum F(IY) coincide with each other. The fact that they coincide verifies that this compensation system is harmonic-free. The above applied tests show that the new adaptive current controller approaches its steady state performance within a time of about 200ms. This time is very small when compared to those achieved by the phase shift current controller in, the microprocessor based power factor controller, the hysteresis current controller depicted, and the SVC current controller with a Fuzzy ranking system. For instance, the steady state performance time for the hysteresis current controller is about one second. This is approximately five times the transient time of the new current controller adopted in this paper.
VI.
CONCLUSION The frequency spectrums of the steady state current of the harmonic-suppressed TCR demonstrate its efficiency as a linear harmonic-free capacitive static VAR compensator. It reveals excellent harmonic cancellation when compared to traditional static VAR compensators such as the power factor compensator and harmonic suppresser. In addition, it exhibits competitive compensation and harmonic cancellation efficiencies when compared to the advanced static compensators. There are three types of control schemes used to govern the susceptances of static VAR compensators. The first scheme is dependent on direct computations of the VAR demands to specify the firing triggering signals of the switching devices of static VAR compensators. This type of control is referred to as open loop control. The second type depends on feedback control to govern the current of the static VAR compensator. However, this type of control requires undistorted compensating currents in order to settle accurately and rapidly to the steady state operation.
The third controlling scheme mixes these two approaches of control. Traditionally, TCR control is usually realized by the first control scheme through look up tables, programmable controlling schemes, direct analogue computations, and analogue simulation of the TCR current fundamental. This is because the TCR current waveform is not sinusoidal. In this paper, an adaptive closed loop controlling strategy for a TCR is presented. This is done because all of the harmonic current components released by the TCR are not permitted to be injected into the AC source side. Consequently, the harmonic-suppressed TCR based capacitive static VAR compensator becomes a harmonic-free pure reactive device that can be controlled using closed loop strategies. The perfect unity power factor correction handled by the proposed automatic power factor correction system validates its design methodology and reveals it potency in energy saving for generation stations and the reduction of transmission losses.
